Cross sectional echocardiography has enhanced the diagnosis of congenital heart disease and in particular of cardiac abnormality in the newborn.' With conventional treatment, hypoplastic left heart syndrome is invariably fatal and must be distinguished early from potentially operable conditions which may have a similar clinical and echocardiographic presentation.
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Previous reports identified the echocardiographic features of hypoplastic left heart syndrome: the main one is an abnormally small left ventricular cavity compared with the-right ventricle.'7 Though some workers reported that associated cardiac abnormalities aided echocardiographic diagnosis,589 the wide range of cardiac lesions in this syndrome'0 makes it difficult to distinguish between hypoplastic left heart syndrome and other causes of right ventricular dominance.
We sought to describe the range of cardiac abnormalities associated with hypoplastic left heart syndrome and to identify the echocardiographic variables that distinguish the sick neonate with hypoplastic left heart syndrome from infants with other causes of right ventricular overload.
Patients and methods Hypoplastic left heart syndrome was diagnosed in 10 neonates referred to the cardiac ultrasound laboratory at the Hammersmith Hospital over a period of five years. In nine the diagnosis was confirmed at necropsy and in one patient at cardiac catheterisation and operation. This patient subsequently died and permission for a necropsy was refused (table 1) .
We also studied 15 neonates with other causes of right ventricular overload (table 2) and 15 clinically normal neonates with similar age and body surface area (table 3) .
METHODS
Complete echocardiographic studies were performed in all patients according to a well standardised protocol,11 particular attention was given to imaging the right heart chambers from multiple views.12 We ID) .
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STATISTICAL ANALYSIS
All results are corrected for body surface arel, and dimensions are quoted as mean (1 SD). We compared the samples using Student's 't distribution. A probability value of < 0 05 was regarded as significant.
We used logistic regression to produce a classification rule based on the dimension of the left ventricular cavity, mitral valve annulus, and aortic root to estimate the probability of a neonate having hypoplastic left heart syndrome. Such a rule can be formed from any set of the measurements taken and the more informative a set of measurements is the better will be the classification rule obtained from it.
To assess the performance of a classification rule one could simply count the number of neonates correctly classified, but this does not measure the uncertainty with which each individual has been classified. Such information is provided by a statistic known as the deviance.'4 When a number of measurements are added to the rule, the greater the decrease in the deviance, the greater the improvement in the rule. Significance was assessed by refering the decrease in deviance to the X2 distribution with degrees of freedom equal to the number of measurements added. The analysis was carried out using the statistical package Generalised Linear Interactive Modelling. '5 Results In all individuals (patients and controls) echocardiograms were good enough to show the complete intracardiac anatomy. Tables 1  and 2 summarise the clinical features of the 10 neonates with hypoplastic left heart syndrome and the 15 neonates with other causes of right ventricular overload. Cardiac failure was the major presenting symptom in both groups; six (60%) of the neonates with hypoplastic left heart syndrome were acyanotic.
CROSS SECTIONAL ECHOCARDIOGRAPHIC FEATURES Left ventricular cavity (fig 2)
Although patients with hypoplastic left heart syndrome had smaller left ventricular cavities than patients with other causes of right ventricular overload (p < 0005) and the normal individuals (p < 0-001) as a whole, there was a considerable overlap of individual values among the three groups.
There was no significant difference in the degree of distortion between the patients with hypoplastic left heart syndrome and those with other causes of right ventricular overload (25-4%, 95%O confidence interval 12-1 to 38 7) compared with 29.9% (20-6 to 39 2). The normal controls showed much less distortion (10 9%, 2 9-18-9).
In all but one neonate with hypoplastic left heart syndrome left ventricular contractile function was poorer than in the subjects with right ventricular overload, all of whom had normal function (tables 1 and 2).
Right ventricular cavity size (fig 2)
In patients with hypoplastic left heart syndrome the size of the right ventricular cavity was similar to that in patients with other causes of right ventricular overload. In both groups, however, the diameter was greater than that in the controls (p < 0-001).
Mitral valve annulus (fig 2)
The mitral valve annulus was smaller in patients with hypoplastic left heart syndrome than in patients with other causes of right ventricular overload (p < 0-001) and in the controls (p < 0001). Only two neonates with hypoplastic left heart syndrome had a mitral valve annulus within the range of values for the group with right ventricular overload and controls, while in two other patients with hypoplastic left heart syndrome the mitral valve was clearly imperforate.
Aorta (fig 3) The dimensions of the aortic root and ascending aorta were smaller in patients with hypoplastic left heart syndrome than in those with right ventricular overload (p < 0001), though there was a considerable spread of values. This spread was also seen in the control group. the posterior wall (fig 4) . This feature was noted at necropsy and described as fibroelastic thickening.
Associated lesions (table 1) In four of the patients with hypoplastic left heart syndrome there were additional malformations that could have produced right ventricular loading. Patient 9 had total anomalous pulmonary venous drainage with obstruction, two others (patients 6 and 8) had secundum atrial septal defects, and one (patient 10) had an aortic coarctation. Statistical analysis Logistic regression showed that the diameter of the mitral valve annulus was the single best measurement for distinguishing patients with hypoplastic left heart syndrome from either healthy controls or those with other causes of right ventricular overload. It correctly identified 37 of the 40 neonates ( fig 5) . The diameter of the aortic root at sinus level was the only other single measurement that correctly classified as many as this, but the deviance was greater (15-79 compared with 12-33), indicating a less good fit to the data-as was evident from the histogram of estimated probabilities ( fig 5) .
Of all the rules that used two measurements, none misclassified less than three individuals, although the rule using mitral valve annulus, aortic root measurement at the sino-tubular junction, and the dimension of the ascending aorta misclassified only one. However, the decrease in deviance from the model using only mitral valve annulus diameter was 5-15%, which when referred to a x2 distribution with 2 degrees of freedom is not significant at the 5% The fewer the number of measurements used, the less likely it is that the rule is reflecting "artefacts" in the particular dataset from which it is constructed-that is the more applicable it is likely to be to other situations. Because the correct classification rate was based on the same data as we used to derive the classification rule, this will tend to overestimate the accuracy of the approach. One way of reducing this effect is the "jack-knife" or "leaving-one-out" technique.'617 Each neonate in turn was left out of the dataset and it was classified according to the rule based on the remaining 39. When we used this technique with the rule that used the dimension of the mitral valve annulus, the same three neonates as before were misclassified, and no others. This is an indication that the other 37 neonates were classified correctly with a high degree of confidence.
We concluded that using mitral valve annulus dimension alone gives the best classification rule. When we used this rule, the estimated probability of a neonate having hypoplastic left heart syndrome was: where MV is the mitral valve annulus size in mm/m2. According to this rule, a neonate will be deemed to have hypoplastic left heart syndrome if the estimated probability is greater than 0 5. This corresponds to the dimension of a mitral valve annulus being < 36-3 mm/m2. If, for example, the mitral valve annulus was 30 mm/m2 then the estimated probability of a neonate having hypoplastic left heart syndrome was 093. Discussion Though hypoplastic left heart syndrome accounts for between 1-5% and 9% of congenital heart defects, it is responsible for up to 22% of deaths in the first month of life. ' The echocardiographic recognition of hypoplastic left heart syndrome is primarily based on the detection of small left heart structures. Often, however, it is unclear whether the left ventricle is "small", or merely appears so because it is compressed and displaced by a dilated right ventricular cavity (fig 6) .
At present there are no echocardiographically measured standard dimensions below which a left ventricle is classified as "hypoplastic" and no systematic comparison has been made between the cross sectional echocardiographic features of hypoplastic left heart syndrome and other causes of right ventricular overload-most studies made comparisons with a healthy population. 35 Farooki et al described the echocardiographic features of hypoplastic left heart syndrome based on M mode echocardiography alone and, comparing these measurements with those from a normal population, derived the following distinguishing criteria: left ventricular dimension <9 mm, aortic root diameter < 6 mm, ratio of left ventricular to right ventricular dimension of < 0 6, and, finally, an absent or greatly distorted mitral valve echogram.3 When these criteria were applied to our data they were shown to be insensitive, particularly the left ventricular dimensions and the left ventricular to right ventricular ratio. These measurements identified four of 10 and five of 10 of the patients with hypoplastic left heart syndrome respectively. The limitations of M mode echocardiographic measurements in the -diagnosis of hypoplastic left heart syndrome have also been highlighted by Lange et al who assessed M mode echocardiographic, cross sectional echocardiographic, and necropsy correlations.'8 They found that the range of hypoplastic left heart syndrome was too great to be resolved by M mode echocardiographic measurements alone, but the correlation between cross sectional echocardiography and postmortem findings was close.
In our study the variability in left ventricular cavity dimension in hypoplastic left heart syndrome measured from cross sectional studies was too great to distinguish between this condition and other causes of right ventricular overload or between the normal controls. Only three of the 10 neonates with hypoplastic left heart had left ventricular cavity sizes outside the range of the group with right ventricular loading.
The dimension of the aortic root at sinus level was a more discriminative variable; however, coexistent aortic coarctation or an interrupted aortic arch will cause diagnostic confusion as reported by Lange et 
